INTRODUCTION
Focusing or collimating diverging x-ray beams produced by synchrotron sources or other x-ray sources is important for a range of applications. Mirrors, crystals, zone plates, and capillaries have been suggested and used to focus x-rays. Focusing x-rays by refraction, proposed a few decades ago and presumed ineffective, has recently been implemented through the use ofa compound x-ray lenses (CXL). ' The real part of the index of refraction for x-rays is close to unity, and as such-and unlike at visible wavelengthsrefraction is not an effective means to bend x-rays. It takes quite a number of refractions to effect an appreciable bending of an x-ray beam. A compound x-ray lens system used to accomplish this consists of lOs to lOOs of aligned lenses. Because the index of refraction for x-rays is slightly smaller than unity, these lenses are concave. Figure 1 depicts focusing by refraction.
For a lens system consisting ofN concave lenses ofradius ofcurvature R , the focal length is simply given by: where ô is the real index of refraction decrement. The index of refraction is given by n = 1 -6 + if3 . From the relationship above, it can be deduced that a CXL positioned at 30 m from the source to collimate a 1O-keV In this paper, a CXL system for high-energy x-rays developed by extrusion of aluminum is described. This is a onedimensional focusing device, but, in theory, two sets of such systems can be set normal to each other to focus in both directions (at the expense of doubling absorption). Because of its high absorption of low-energy photons, an aluminum lens is deemed suitable for energies above 30 keV and preferably above 60 keV.
EXTRUDED ALUMINUM LENS
The extrusion technique used here is more appropriately known as hot microextrusion. In hot extrusion of hollow or tubular profiles, a die is used that has openings corresponding to the negative of the part to be made. A hollow extrusion die is one in which the mandrel, which forms the inner surfaces of the profile, is an integral part of the die assembly and is supported in place by a bridge. Allowance for thermal shrinkage and other effects are made in the die design. By pushing heated soft aluminum into the die, soft aluminum flows around the bridge supporting the mandrel and into the openings in the die. The open sections metallurgically join prior to exiting the die assembly to make the desired part. After cooling, the long, extruded section or lens is coiled or cut into the desired length for shipping. 
EVALUATION OF THE VARIABLE-FOCUS EXTRUDED X-RAY LENS
A prototype variable-focus aluminum lens was evaluated at the APS 1-ID beamline. It was used to collimate a monochromatic 81 keV undulator beam. The beamline layout is shown in Fig. 4 Fig. 3 ).
As seen in Fig. 5 
